Summary. Three diabetes surveys carried out at two yearly intervals on 10000 men aged 40 years and over have enabled us to compare four groups of subjects with regard to their serum uric acid level in relation to carbohydrate metabolism. Prediabetics, that is, persons who screened negative at previous surveys and subsequently developed diabetes, had a higher mean uric acid level than normals (p < 0.001). Their uric acid level was considerably higher than in diabetics, who had a mean value lower than normals (up to p < 0.001). Men, without diabetes, but having an abnormal GTT were found to have a mean value higher than the normals at each survey.
In a long term prospective diabetes survey carried out on 10000 men aged 40 years and over, it was found that men with diabetes had distinctly lower serum uric acid values than other men [Mean uric acid level for diabetics = 4.38 rag/100 ml versus 4.75 rag/100 ml for the total population (p <0.001)] [1] .
Our follow up studies have enabled us to examine the uric acid level in further groups of diabetics as well as to examine retrospectively the uric acid levels in 1963 of the diabetics discovered in the subsequent surveys [2, 3] over a five year period. Since these diabetics had screened negative for diabetes in 1963, their 1963 uric acid values were considered "prediabetic" values. In addition, in each of the examinations a group intermediate between the normal population and the diabetics, who showed only minor abnormalities of the GTT, was identified. Thus the uric acid values in four groups: the prediabetics, the abnormal GTT group, the diabetics and those who remained normal throughout the five years could be compared.
This study has revealed a pattern of changes in the uric acid level which is related to the pathogenesis of diabetes and, after the disease develops, to the effects of diabetes itself.
Material and Methods
The observations are based on data from a diabetes prevalence survey [1] and two diabetes incidence surveys [2, 3] . These studies were carried out on 10059 men, aged 40 and over, at two yearly intervals as part of a prospective study of ischaemic heart disease in Israel [4] . The examinations of the subjects included, among others, a record of previous illnesses, a physical examination, E.C.G. and, amongst the biochemical tests, uric acid and a random blood glucose estimation.
The screening procedure for suspect diabetics included all those who were found to have a casual blood glucose value of 130 mg or over and/or who gave a history of diabetes. Further information was sought on all suspect diabetics to enable us to establish the diagnosis of diabetes. The details of the criteria for the diagnosis of diabetes and "abnormal GTT" are given in previous publications [1, 3] . Briefly, our criteria for diagnosis were based on a modification of the point system described by Remein and Wilkerson [5] for the glucose tolerance test. When data other than the GTT were used, the diagnosis of diabetes was usually based on 3 diabetic abnormalities -in the vast majority of such cases 3 fasting blood glucose levels of 130 mg. or over (Hagedorn-Jensen method). Serum uric acid determinations in the surveys were made by an adaptation of a method using phosphotungstic acid in the presence of cyanide and urea [6] , manually in 1963, and by Autoanalyzer in 1965 and 1968.
The statistical comparison of different groups assumed a normal distribution of uric acid values (they are actually distributed log normally, e. g. with a slight right hand asymmetry). An 'independent' t-test was used to assess significance. The test is robust against such deviations from normality as described above.
Results
The number of subjects (diabetic and non-suspect) given in the tables represents only those where full information in all the examinations was available. Those with an "abnormal GTT", that is, not sufficiently abnormal to be diagnosed diabetic, in one or more surveys, as well as the deceased, were also excluded from the non-suspect population. The frequency distributions of serum uric acid values in these groups is shown in Fig. 1 , which demonstrates a clear trend towards lower values in the diabetics, more especially in the diabetics of long standing. The differences between the diabetics and nondiabetics are statistically significant (P <0.01, by the X 2 goodness of fit test). For 1968 diabetics there were approximately 3 times more diabetics observed than expected with values less than 3.0 mg per 100 ml and nearly twice as many as expected between 3.0 to 3.9 mg/100 ml. For the group with diabetes of longer standing, viz 1963 and 1965 diabetics, there were approximately 71/: times and 3 times more diabetics observed than expected for the corresponding low uric acid values.
Since the diabetics who were diagnosed in 1965 and in 1968 had screened negative for diabetes in the 1963 survey, it may be concluded that their 1963 uric acid values represent "prediabetic" levels. Table 2 shows a comparison of the mean uric acid level of the prediabetics in 1963 with the mean uric acid level of the non-diabetics and diabetics in the same year. Prediabetic uric acid levels, whether derived from a retrospective examination of the 1968 diabetics alone, or the 1965 and 1968 diabetics combined, are significantly higher than those of the nondiabetics. The mean uric acid level of the non-diabetics is again higher than that of the diabetics.
The percent distribution by their serum uric acid values in the same laboratory during 1963 is shown in Fig. 2 for 219 prediabetics (who screened negative twice, in 1963 and in 1965, and were diagnosed diabetic in 1968), for 8627 normals and 472 diabetics (diagnosed diabetic in the 1963 survey). In the histogram (See Fig. 2 ) which shows rising uric acid levels from left to right, the uric acid distribution is displaced to the left of the normal in the diabetics and to the right of the normal in the prediabetics, featuring the lower values in the diabetics and the higher values in the prediabetics.
The mean uric acid level of the non-suspect population in 1968 exceeded that of the non-suspect population in 1963 by as much as 0.54 mg/100 ml. Similar differences at repeat surveys, even where the same method was used, were observed in the Tecumseh [7] and other [8] surveys, and were considered to be due to technical factors in the performance of the tests. We have, therefore, avoided making direct comparisons of 1963 and 1968 uric acid data.
In our surveys, we have separated off a group with minor abnormalities of GTT ("Abnormal GTT group"). Their GTT criteria were intermediate between those for diabetics and the normals. It was decided to study them as a separate entity since they might have characteristics different from those of diabetics as well as from those of the normals. A high percentage of these subsequently develop diabetes [2] . In each of the 3 surveys their mean uric acid level was found to be slightly higher than the normals: in 1963, 73 had an abnormal GTT, Mean and SE = 4.90 + 0.11 against that of the normals of 4.75 + 0.01. In 1968 there were 171 with an abnormal GTT, the mean uric acid level being 5.39 + 0.08 versus 5.29 _+ 0.01 for the normals. Similar differences were seen in the 1965 abnormal GTT group (unpublished data). In this respect they behave like prediabetics, and indeed, are found to develop diabetes with the passage of time.
We have, therefore, observed a consistent trend in uric acid levels -higher than the normal in prediabetics, intermediate in abnormal GTT, and lower than normal in the diabetics. The longer the diabetes persists, the lower are uric acid levels.
Discussion
By standardizing the age and sex group, the uric acid changes relating to diabetes itself could more easily be discerned. Since the diabetics were of the maturity onset type, other factors known to influence the serum uric acid, such as ketosis in the young diabetic [9] , could be excluded. In this older range, also, only minor fluctuations in uric acid were noted in the study population in various age groupings, a finding which is in keeping with other large population surveys [10] . An analysis of the uric acid data by six areas of birth ranging from Europe to the Middle East showed only insignificant deviations from the mean for the whole study population. The fluctuations with age and area of birth are too small to have a bearing on the findings.
Lower uric acid values in diabetics have been reported in other studies; one in a relatively small number of diabetics [11] , and another [12] in a group of diabetic patients compared with groups of nondiabetic subjects studied by other investigators at other times and other places. Experiments in our biochemical laboratory showed that different concentrations of glucose, added to serum to simulate diabetic levels, did not influence the uric acid estimation as determined by a phosphotungstic acid method. The finding of lower uric acid values in diabetics does not conflict with reports of a high incidence of diabetes in patients with gout [13, 14] . The reverse association, namely, the occurrence of gout in diabetes, has, however, been shown to be rare [15] , and this would be in keeping with the lower uric acid level observed in diabetics.
The serum uric acid will depend upon the balance achieved between the rates of production and the rates of elimination of urate. Urate production is derived from exogenous (dietary) and endogenous sources. An analysis of the diet of the subjects did not suggest a smaller intake of uric acid precursors in the diabetics. In any case, neither diet nor treatment could be a likely explanation for lower uric acid values in newly diagnosed, previously unknown diabetics.
The possibility of a disturbance in endogenous uric acid production cannot be excluded, but there is at present no evidence of this in diabetics.
Polyuria could produce only a moderate increase in uric acid excretion [16, 17] . Markedly increased excretion of uric acid has, however, followed intravenous infusion of glucose [18] . We have reported an increased uric acid clearance in non-diabetic subjects during induced hyperglycaemia [19] , confirming the findings of others [20] . This increase in uric acid clearance was not due to an increased glomerular filtration and occurred independently of the polyuria.
Under normal conditions uric acid is totally filtered in the renal glomeruli and probably totally reabsorbed in the proximal tubules. Some 5 to 10 percent is later secreted into the distal tubules and excreted in the urine [21] . In persons with hyperglycaemia and glycosuria there seems to be a competitive inhibition of uric acid reabsorption in the proximal tubules by glucose. The increased uric acid excretion arising in this way would cause a gradual decline in serum uric acid.
This might be what has occurred among the men with diabetes and is in keeping with our data which indicates that newly diagnosed diabetics had lower uric acid levels than non-diabetic men and that men with diabetes of longer duration had even lower levels than those newly discovered.
The finding of higher values in the pre-diabetics compared with the normals is unexpected; more so, since the values in diabetics are considerably lower than in prediabetics. Since diabetes surveys do not screen out all diabetics, it is reasonable to assume that amongst the "prediabetics" of 1963 some may already have been diabetic, but missed in the screening procedure. We would have expected therefore, a bias in favour of lower uric acid values in prediabetics.
Our finding of higher serum uric acid values in prediabetics and in persons with minor abnormalities of GTT throws a new light on the uric acid -diabetes relationship. To the best of our knowledge this relationship has not been reported prior to our studies [3, 22, 23] , although a high incidence of diabetes in gout has been reported [13, 14] , and an ethnic and genetic association of the two conditions has been noted [24] . These findings may serve to renew speculation of a connection between nucleo-protein metabolism and diabetes [25] . It has been suggested that uric acid [26] or a substance resembling uric acid might have an alloxan-like action on the B-cells of the islets and so produce diabetes [27] . However, others failed to confirm such a diabetogenic action for uric acid [28] . Alloxan, one of the best known diabetogenic agents [29] , resembles uric acid structurally and may occur as a nucleo-protein breakdown product in man [30] . In the pigeon it has been shown to produce diabetes and an intense form of visceral gout [31] . More recently there have been several reports on a similar association of hyperglycaemia and hyperuricaemia resulting from the thiazide drugs in man [32] .
We have found hyperuricaemia to precede the development of diabetes. Some of the factors bearing on the connection between hyperuricaemia and diabetes have been examined within the framework of this study. In our incidence studies [3, 22] no association was found between dietary factors, such as total calories, sugar, carbohydrate, protein (total and animal), and fat and the development of diabetes. Differences in dietary intake are, therefore, unlikely to account for the hyperuricaemia in the prediabetics.
A variety of blood dyscrasias in which there is accelerated nucleoprotein turnover [33] are accompanied by hyperuricaemia. However, there is no evidence to suggest that the prediabetic population is more prone to these disorders. Chronic renal diseases and hypertension [34] are associated with hyperuricaemia. Whilst chronic renal disease is not known to precede diabetes, an increased prevalence [35] as well as an increased incidence of diabetes in persons with hypertension has been reported [23] . The association between hypertension, hyperglycaemia and hyperuricaemia may be accentuated by treatment with the thiazides, previously mentioned [321.
Elevations of serum uric acid have been linked to hypercholesterolaemia in normotensive populations [36] . An interrelationship between gout, hyperlipidaemia and diabetes with hypertriglyceridaemia as the underlying common factor [37] has been described. Others [38] have found no significant increase in serum uric acid in those with the hypercholesterolaemic trait. Our study provides no information relating to triglycerides. The well known association between diabetes and hypercholesterolaemia has been confirmed [1, 3, 23] , but the association between hypercholesterolaemia and hyperuricaemia in these surveys still requires examination.
Clinically the relation of obesity to diabetes as well as to gout is well recognised. The association between obesity and diabetes has been confirmed in our prevalence [1] and incidence [3, 22, 23] surveys. Obesity may be the link between hyperuricaemia and diabetes and requires special consideration. Weight/height (W/H) indices used in the analyses of our survey data are discussed in a previous publication [39] . A preliminary analysis of the uric acid data of the prediabetics, the diabetics, the abnormal GTT group and the non-suspect population has been made in three weight/height groups -low, intermediate and high. It shows that, whilst the uric acid level rises with increase in W/H, the uric acid level in each W/H category is still lowest in the diabetics, intermediate in the normals and highest in the prediabetics, with that of the abnormal GTT group being similar to that of the prediabetics. In addition, we have shown recently in a five year diabetes incidence analysis [23] that controlled for weight, prediabetics still have higher serum uric acid than the normal population. Obesity in itself, therefore, does not account for the higher uric acid level in prediabetics.
It is possible that the hyperuricaemic tendency is part of a "constellation" of abnormalities found in the prediabetic state, namely: an obesity/hypertension/ hypercholesterolaemia/hyperuricaemia syndrome and may serve to emphasize the close metabolic ties between these conditions and diabetes, rather than a causative connection between hyperuricaemia and the subsequent development of diabetes itself.
